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Microbes inhabit many corners of the Earth, including the intestines of all animals. These intestinal 
microbes, collectively called the “gut microbiome,” provide numerous nutritional and regulatory functions 
for the animals they live in and thus play an important role in animal health. The fungal communities in 
insects, specifically, play a diverse, but important role in insect physiology, as well as insect control. The 
goals of this project were to expand knowledge of R programming through statistical analysis of microbial 
ecology and to identify the fungal communities in grasshoppers to enrich our knowledge in insect fungal 
microbiome. Questions that we wanted to answer were: “what is the composition of the fungal 
communities in the microbiome of grasshoppers?” and “what drives the composition of the fungal 
communities in the microbiome of grasshoppers?” The grasshoppers were collected in the summer of 2017 
from a Texas prairie as part of a multifactorial micronutrient experiment. Upon arrival at the University of 
Dayton, the guts of the grasshoppers were removed to extract the DNA, which was then submitted for 
sequencing by Zymo Research. After analyzing the sequencing results, we identified two fungal phyla that 
were present in all samples: Ascomycota and Basidiomycota. Within Ascomycota, the class 
Dothideomycetes is most prevalent. Within Basidiomycota, the classes Tremellomycetes and 
Ustilaginomycetes are most prevalent. Dothideomycetes are typically found as saprobes, or decomposers, 
that break down dead leaf matter. They are also commonly found on living plants, acting as pathogens or 
endophytes. Tremellomycetes are a type of pathogenic fungus that acts as a parasite toward insects and 
plants. Ustilaginomycetes, known as “smut fungi,” act as a parasite toward vascular plants. These classes of 
fungi are directly involved with plant matter. Findings include that diet and phylogeny are potential drivers 
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Microbes are found all around us. Bacteria, fungi, protozoa, and viruses all exist within 
the gut microbiome. Intestinal microbes, or the gut microbiome, play an important role in 
overall health. Bacteria and fungi exist within the gut of all animals and provide 
important functions. The fungal communities, specifically, within the gut microbiome of 
insects are crucial in understanding insect physiology, but unfortunately, little is known 
about the fungal communities in the gut and their role in the health of animals. Many 
studies focus on the bacterial components, but the fungal components in the microbiome, 
collectively called the mycobiome, are also key in understanding the power of the 
microbiome. 
 
The bacterial database and libraries are much vaster than the fungal libraries. The 
sequencing that takes place in research studies involves using the known bacterial 
sequences and comparing them to the sampled sequences from the microbiome. Many 
efforts have been made to expand the bacterial database and connect these findings with 
health and disease in humans. There are, on average, over 1000 bacterial species within 
the dominant bacterial phyla of Bacteroidetes and Firmicutes in a healthy human adult. In 
particular, the gut microbiome is more diverse than other areas of the body. Furthermore, 
there is plenty of variability within the gut microbiome among humans. Scientists have 
attempted to determine a core set of bacteria and patterns to account for variability. 
Environmental factors, such as diet, are known to influence the variability of the 
microbiome between humans. Richness and diversity are two parameters used to analyze 
the bacterial communities. Through these parameters, researchers can better understand 
the effects that the communities within the microbiome play on physiology and function. 
Digestion is one of the functional activities that is linked to the health of the microbiome. 
Furthermore, there are connections between the bacterial communities within the 
microbiome and the ability of the body’s immune system and various conditions, such as 
cardiovascular disease, irritable bowel disease, inflammatory bowel disease, and cancers 
(Shreiner et al. 2015). 
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Studying the gut microbiome, in general, is an important and constantly improving field. 
The health of the gut microbiome has recently been linked to more and more diseases and 
health conditions. Recent studies have linked colorectal cancer to the health and 
condition of the gut microbiome. One particular study compared the gut microbiome of 
three different groups of patients: healthy, adenomas, and carcinomas. Using 16s rRNA 
gene sequencing of the V4 region, the feces of these patients were analyzed. Operational 
taxonomic units were used to group sequences and calculate the relative abundance for 
each sample. As a result, variations within the microbiome were found between the 
different groups of patients, with some groups having more or fewer operational 
taxonomic units (Zackular et al. 2014). 
 
Many studies have shown that diet greatly affects the composition of the microbiome. 
According to a 2017 study, changing diet can alter the composition of the gut 
microbiome within 24 hours. Reverting the diet back to the original causes the 
microbiome to return to its baseline within 48 hours. A human’s diet alters the bacteria 
within the gut, causing biological effects, such as changing metabolism and the immune 
system, thus causing disease(s) or predisposing individuals to diseases. It was found that 
a vegetarian diet led to a lower amount of Bacteroides and Bifidobacterium species 
(Singh et al. 2017). 
 
Knowing that diet and other environmental factors, such as phylogeny, affect bacterial 
diversity within the gut microbiome of humans, researchers hypothesize that the pattern 
would be observed in insects. In a 2014 study, researchers investigated the gut bacterial 
diversity in insects and identified dominant bacterial communities in their samples, 
suggesting a “core” microbiome. To analyze the gene sequences, species richness and 
Shannon diversity indices were calculated, along with Jaccard distances and a principal 
coordinate analysis, which is similar to a non-metric multidimensional scaling analysis. 
The relative abundances of anaerobes were significantly different according to factors, 
such as diet, habitat, and phylogeny. This study also found that in omnivorous insects, the 
bacterial diversity within the gut microbiome was significantly higher compared to 
herbivorous and carnivorous insects (Yun et al. 2014). 
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The information that is available on the mycobiome is currently limited but expanding 
over time. As sequencing technology improves, the extensive world of the mycobiome is 
slowly being discovered (Huffnagle and Noverr 2013). The expansion of the fungal 
database and libraries are crucial in order to identify and analyze the different types of 
fungi within the body. Furthermore, learning more about the insect microbiome can help 
unveil more information about how to combat the rapidly declining population of insects. 
Insects are of critical importance to many different ecosystems, providing a viable food 
source for animals, pollinating various plant species, and recycling nutrients within the 
soil. Scientists are linking this decline to continuous urbanization, climate change, and 
frequent agricultural interventions, namely fertilizers and pesticides (Carrington). It is of 
the utmost importance to learn more about how the microbiome is impacted by these 
environmental alterations to conserve and protect the insect populations, as the human 
species cannot survive without them. 
 
For my Honors Thesis Project, I wanted to use my mathematical skills and current 
knowledge of data analysis to expand my knowledge of R programming and explore data 
analysis and methods used to analyze microbial ecology. Some of the questions we 
wanted to answer were: what is the composition of the fungal communities in the 
microbiome of grasshoppers and what drives this composition? Does grasshopper species 
or sex affect the fungal composition? The hypothesis was that there would be a “core” 
fungal microbiome and that generally the same taxa of fungi would appear in our 
samples. Furthermore, we expected to see fungal diversity within the grasshopper gut due 
to the breadth of known fungal species and that the micronutrients in the environment can 
drive this diversity.  
 
 





The dataset was provided to me by Dr. Chelse Prather, an assistant professor in the 
University of Dayton Biology Department. The grasshoppers were collected using sweep 
nets in the summer of 2017 from a Texas prairie as part of an experiment in which plots 
of land were treated with different micronutrients. The grasshoppers were brought back 
to the University of Dayton where the entire grasshopper gut was removed from the 
insect, and DNA was extracted and submitted for sequencing by Zymo Research. The 
dataset included the sequencing results and information about the species of 
grasshoppers, sex of the grasshoppers, and micronutrient treatment. 
 
The six species of grasshopper included in the sample were: Conocephalus fasciatus 
(n=3), Conocephalus strictus (n=8), Orchelimum concinnum (n=9), Orchelimum vulgare 
(n=32), Paroxya atlantica (n=4), and Scudderia texensis (n=4). The number of samples 
collected from each grasshopper species represents the overall abundance of the species 
in the field. The dataset contains 60 grasshoppers total, 30 males and 30 females. Males 
and females were collected from all grasshopper species, except the species Scudderia 
texensis, in which only females were collected. 
 
The dataset was then cleaned, organized, and loaded into RStudio (version 3.5.3) to 
analyze the composition of fungi within these grasshoppers. RStudio, including the vegan 
package was used to analyze the data. Shannon diversity values were calculated during 
the diversity function in RStudio in the vegan package. P-values were then calculated 
using non-parametric Kruskal-Wallis tests to evaluate the significance of the Shannon 
diversity values. Non-metric multidimensional scaling (NMDS) was also used to analyze 
the data. NMDS collapses multidimensional data to make it easier to interpret and 
analyze. The procedure is iterative and uses rank orders to calculate the stress between 
the collapsed predicted measurements. 
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Some of the taxa appeared in just one or two samples or appeared as such a small 
percentage, so a parameter was decided upon to group the taxa together. Dominant fungal 
taxa contributed a mean relative abundance of over 1.5% of the sequences for at least one 
grasshopper species within the taxonomic level being examined. The taxa that 
contributed a mean relative abundance of less than 1.5% were grouped together as 
“Other.” Since less is known about the fungal components, this ended up affecting the 
accuracy of the data. The limitations of the fungal library caused many groups of fungi to 
be unidentified, or “Unassigned,” as labeled in the graphs. These unassigned groups are 
still important to include in the analysis. 





Using the Internal Transcribed Spacer (ITS) regions, analysis was performed on the 
fungal communities within the grasshopper gut microbiome. Mean fungal species 
richness and mean Shannon diversity indices were calculated. 
 




Overall All 60 24.0667 1.6894 
Male 30 21.2 1.7236 
Female 30 26.9333 1.6552 
Conecephalus faciatus All 3 17 1.4968 
Male 2 10.5 1.0202 
Female 1 30 2.45 
Conecephalus strictus All 8 25.5 1.9087 
Male 5 22 1.8635 
Female 3 31.3333 1.9842 
Orchelimum concinnum All 9 18.6667 1.4475 
Male 5 19.25 1.6554 
Female 4 18.2 1.2811 
Orchelimum vulgare All 32 26.3438 1.869 
Male 16 22.4375 1.9865 
Female 16 30.25 1.7516 
Paroxya atlantica All 4 23.25 0.8885 
Male 3 23 0.6479 
Female 1 24 1.6101 
Scudderia texensis All 4 21.25 1.3036 
Male* 0 - - 
Female 4 21.25 1.3036 
Table 1: Sample size, mean fungal species richness, and mean Shannon diversity index 
for each grasshopper species (*no male samples of Scudderia texensis) 
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As shown by Table 1, the mean fungal species richness was 24.0667. On average, there 
were approximately 24 different fungal taxa in each individual sample. Overall, female 
grasshoppers had a larger mean fungal species richness compared to the male 
grasshoppers.  
 
The Shannon diversity index of a sample measures how many different fungal groups 
there are in each sample. The p-value for the Shannon diversity values for grasshopper 
sex is 0.8130, and the p-value for the Shannon diversity values for grasshopper species is 
0.2658. Because both of the p-values are high (>0.05), there is no significant difference 
between the Shannon Diversity values for the grasshopper sex nor the grasshopper 
species.  
 
The abbreviations of the grasshopper species on the following figures are: Conocephalus 
fasciatus (cf), Conocephalus strictus (cs), Orchelimum concinnum (oc), Orchelimum 
vulgare (ov), Paroxya atlantica (pa), and Scudderia texensis (st). 
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Figure 1: Fungal richness by grasshopper species 
 
Figure 1 represents the fungal species richness in each of the six grasshopper species, 
separated by males and females. The range of richness is 6 to 51. Generally, it appears 
that females have a higher average fungal richness compared to the male grasshoppers. 
The grasshopper species, Orchelimum vulgare and Scudderia texensis, abbreviated “ov” 
and “st”, seem to have a bigger range of fungal richness compared to the other species of 
grasshoppers. 
 
After analysis of the sequencing results, we identified two fungal phyla that 
were present in all samples: Ascomycota and Basidiomycota. The other fungal phyla were 
scarcely present within the samples. There was only one group present in every sample, 
which accounted for, on average, 6% of the fungal composition: kingdom Fungi, phylum 
Ascomycota, class Dothideomycetes, order Capnodiales, family Davidiellaceae, genus 
Cladosporium. The total fungal taxa that were present in the samples was 159. 




Figure 2: NMDS by grasshopper sex 
 
The NMDS method creates a distance, or dissimilarity, matrix. In Figure 2, the ovals that 
represent female (red) and male (purple) grasshoppers overlap, so it is expected that the 
male and female samples are more similar in fungal composition. 
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Figure 3: NMDS by grasshopper species 
 
In Figure 3, there is more variation between the grasshopper species. Most of the ovals, 
representing the grasshopper species, do overlap in the center, but the yellow oval, which 
represents the grasshopper species P. atlantica, sticks out a bit from the others. Because 
of this, it is expected that there is more variation between P. atlantica and the other 
grasshopper species. 
 
P a g e  | 11 
 
 
Figure 4: Relative abundance of fungal taxa by grasshopper sex 
 
The stacked abundance graphs represent the relative abundance of fungal taxa at the class 
taxonomic level between female and male grasshoppers. Fungal classes were included 
that contributed a mean relative abundance of over 1.5% of the sequences for at least one 
grasshopper species at the class taxonomic level. Classes that contributed a mean relative 
abundance of less than 1.5% were grouped together as “Other.” As expected from the 
NMDS analysis, it appears that male and female grasshoppers are similar in fungal 
composition. The pink “Unassigned” group takes up about an average of 25-30% of the 
fungal composition due to the lack of the fungal libraries available during sequencing. 
The purple group represents the class Dothideomycetes in the phylum Ascomycota, 
which, on average, takes up about 25% of the grasshoppers’ fungal microbiome.  
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Figure 5: Relative abundance of fungal taxa by grasshopper species 
 
Fungal classes were included that contributed a mean relative abundance of over 1.5% of 
the sequences for at least one grasshopper species at the class taxonomic level. Classes 
that contributed a mean relative abundance of less than 1.5% were grouped together as 
“Other.” As expected from the NMDS analysis, there is more variation between the 
grasshopper species. The P. atlantica grasshopper species has a significantly higher 
abundance of the “Unassigned” group of fungi. 
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Discussion / Conclusion 
 
 
The gut microbiome of grasshoppers contains a vast, diverse fungal community. It was 
hypothesized that there is a “core” fungal microbiome in grasshoppers, which could be 
identified through the stacked abundance figures (Figure 4,5). The dominant fungal phyla 
present were clearly Ascomycota and Basidiomycota, with very few samples containing 
any other phyla. A study of the mycobiome was performed on mice using molecular 
techniques to identify the present fungal taxa. The mice mycobiome contained the four 
major fungal phyla, Ascomycota, Basidiomycota, Zygomycota, and Chytridiomycota. 
The study also found differences in the fungal communities between the specific 
pathogen-free mice and the restricted bacterial flora mice. The study hypothesized that 
Candida spp. would be present in the mycobiome of mice due to its ability to grow in the 
intestines and its prevalence in the human gastrointestinal tract. However, there was a 
lack of Candida spp. within the mice mycobiome, which was notable (Huffnagle and 
Noverr 2013). There was no appearance of Candida spp. within the grasshopper gut 
microbiome, as well. 
 
Specifically, within Ascomycota, the class Dothideomycetes is most prevalent. Within 
Basidiomycota, the classes Tremellomycetes and Ustilaginomycetes are most prevalent. 
All of these dominant fungal classes are directly related with plant matter. There was 
only one group of fungal taxa present in all 60 gut samples at the fungal genus level, 
which was the genus Cladosporium in the class Dothideomycetes. Cladosporium is 
considered a plant pathogenic fungus that can be responsible for lesions of leaves. This 
genus of fungi is also commonly found in soil and organic matter (Bensch et al. 2012). 
The connection with plant matter could come from the food sources of the grasshoppers 
and potentially fungal presence in the soil. Thus, it is difficult to determine whether these 
taxa are permanent residences within the grasshopper gut. A 2019 study performed on 
ambrosia beetles also identified the genus Cladosporium as the dominant plant pathogen 
within the gut microbiome. Furthermore, the study also found that many of the fungal 
communities detected in the ambrosia beetles are connected to organic matter, suggesting 
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that the relationship between the beetles and these microorganisms can alter the gut 
microbiome (Rassati et al. 2019). 
 
Diet and phylogeny are identified as the potential drivers behind the composition of the 
fungal microbiome within grasshoppers. P. atlantica tends to eat strictly plant matter, 
while the five other species of grasshoppers are omnivores, so they feed on plant matter 
and also other small insects. The toothed mandibles of P. atlantica suggest that this 
species can feed on forbs and grasses, which could potentially explain the shift in 
prevalence of the “Unassigned” taxa of fungi within the gut, leading to more diverse 
fungal communities (Squitier and Capinera 2002). The limitations within the fungal 
libraries had an impact of the identification of the fungal communities. The sequencing 
results contained many “Unassigned” categories within the taxonomic levels. This poses 
an extra challenge because there is so much diversity within those “Unassigned” 
categories that cannot be accounted for when identifying the fungal communities within 
the microbiome. 
 
While diet could explain the variation between P. atlantica and the other grasshopper 
species, another possible explanation is its phylogeny. The species P. atlantica comes 
from the subfamily Cyrtacanthacridinae, or short-horned grasshoppers, while the other 
grasshopper species are long-horned grasshoppers (Squitier and Capinera 2002). The 
grasshopper species C. fasciatus, C. strictus, O. concinnum, and O. vulgare are katydids 
and members of the subfamily Conecephalinae. Closely related, the subfamily 
Phaneropterinae contains the grasshopper species S. texensis, also a katydid (Zhang et al. 
2013). More investigation would be necessary to determine whether the fungal 
communities within the gut are dominated by the relationship between phylogeny and the 
microbial symbionts of grasshoppers or the diet of the different grasshopper species as a 
result of their evolutionary relationships.  
 
Further exploration of the microbiome suggests that changes to the communities within 
the microbiome can result in changes of fitness of the species in question. The diversity 
of the microbiome is greatly affected by the environment of the species, specifically 
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whether the species is wild or surviving in a laboratory setting or an altered environment. 
It has been suggested that species with less rich and diverse microbes seem to struggle 
with overall fitness in an altered, degraded habitat. Studying the communities within the 
microbiome can also give more insight to a species’ dietary preferences to help conserve 
and protect the necessary habitats and food sources (Bahrndorff et al. 2016). Overall, a 
better understanding about the grasshopper gut microbiome can provide insight to host 
ecology and fungal functions that could lead to increased conservation and improved pest 
management techniques. 
 





For my thesis and capstone project, I knew I wanted to combine both math and science to 
create a unique project that would suit my interests. I never imagined myself working 
with data about grasshoppers, but not only did this project provide the perfect balance 
between science and math, I found myself pushed out of my comfort zone and challenged 
by the level of analysis used for this project. Coming from a strong mathematical 
background, I felt comfortable working with R at a basic level. I understood a lot of the 
statistical analysis that went into calculating p-values and significance levels and was 
confident in my ability to analyze standard datasets. However, the capabilities of R are 
endless. Using R to analyze the data was both frustrating and satisfying. The feeling of 
successfully running code was like winning the lottery. After lines and lines of code and 
mistakes, actually producing figures and finding results was so exciting. Furthermore, the 
dataset that I was working with was compositional data. In my past experiences, I had 
always worked with standard datasets involving samples and parameters for each sample. 
Expanding my knowledge by working with a compositional dataset was very new and 
exciting, especially because of the extensivity of the data. I was juggling multiple data 
sheets, the largest being 185 columns wide. With the help of Dr. Chen and Dr. Sun, I was 
able to use creative ways to analyze the compositional data at different taxonomic levels 
in R and connect these mathematical findings with scientific hypotheses and findings that 
have been made available by researchers. Furthermore, through performing research, I 
was able to practice reading and critically analyzing research papers, working in teams to 
problem solve and think about many different scientific topics, and presenting my 
research in a variety of different ways. I presented my project at the University of Dayton 
Stander Symposium in 2019 and 2020. I also applied, was accepted, and presented at the 
Ecological Society of America Conference in the summer of 2019 in Louisville, 
Kentucky. Learning more about statistics, methods of data analysis, and statistical 
programs were goals of mine throughout college. As an aspiring public health 
professional, I knew these tools were crucial to my future career path and would be 
beneficial moving forward into graduate school. 
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NMDSp_Matrix = NMDSp[c(8:166)] 












ordiplot(NMDSp_NMDS, type="points", display="sites", cex=1.25) 
orditorp(NMDSp_NMDS, display="sites", col="red", air=0.01) 
#orditorp(NMDSp_NMDS, display="species", col="darkblue", air=0.01)       
ordiellipse(NMDSp_NMDS, groups=NMDSp$Sex, draw="polygon", 
col=c("red","blue"), label=F)    
####label=T makes the tags on the ellipses 
#######adding a legend 
 
legend("bottomleft", legend = c("f","m"), pch = 1:2, 








NMDSp_Matrix = NMDSp[c(7:165)]  













ordiplot(NMDSp_NMDS, type="points", display="sites", cex=1.25) 
orditorp(NMDSp_NMDS, display="sites", col="red", air=0.01) 
#orditorp(NMDSp_NMDS, display="Sex", col="darkblue", air=0.01)       
ordiellipse(NMDSp_NMDS, groups=NMDSp$Species, draw="polygon", 
col=c("red", "orange", "yellow", "green", "blue", "purple"), label=F)    
####label=T makes the tags on the ellipses 
#######adding a legend 
 
legend("bottomleft", legend = c("cf","cs","pa","oc","ov","st"), pch = 
1:2, 




### diversity index (SPECIES SHEET)  
library(vegan) 
fungsp<-read.csv("C:/Users/seitz/Documents/Fungi_Species_Edit.csv") 




## export diversity data into new sheet (SPECIES SHEET)  
write.csv(fungsp_div, "shannon_div.csv") 
 
make.sorted.plot <- function(x){ 
  ordered <- sort(x, T) 
  plot( 
    ordered, 
    col = terrain.colors(10), 
    xaxt = "n", pch = 16, cex = 2, 
    ylim = c(min(ordered)*0.5, max(ordered)), 
    xlim = c(0, length(x)+1), 
    ylab = "Diversity measure", xlab = "Samples", 
    main = substitute(x)) 
  text(ordered, 
       names(ordered), 
       srt = -75, 




## jaccard distance (SPECIES SHEET)  
fungsp_jaccard <- vegdist(fungsp_matrix, method = "jaccard") 
 
# plot jaccard distance (SPECIES SHEET)  
plot( 
  hclust(fungsp_jaccard), 
  hang = -1, 
  main = "Sites clustered by Jaccard similarity", 
  axes = FALSE, ylab = "" 











### plot for (SPECIES SHEET) shannon diversity vs. species 
ggplot(data = fung_div, mapping = aes(x = Species, y = shannon_div, 
color = Species))+ 
  geom_boxplot()+ 
  geom_jitter(width=0.03)+ 
  theme(panel.grid.major=element_blank(), 
panel.grid.minor=element_blank(), panel.background = element_blank(), 
panel.border = element_rect(fill=NA, color="black")) 
 
### plot for (SPECIES SHEET) shannon diversity vs. sex 
ggplot(data = fung_div, mapping = aes(x = Sex, y = shannon_div, color = 
Sex))+ 
  geom_boxplot()+ 
  geom_jitter(width=0.03)+ 
  theme(panel.grid.major=element_blank(), 
panel.grid.minor=element_blank(), panel.background = element_blank(), 
panel.border = element_rect(fill=NA, color="black")) 
 






















ggplot(data=richness, mapping=aes(x=Species, y=Richness, color = Sex))+ 
  geom_boxplot()+ 
  geom_jitter(width=0.01)+ 
  theme(panel.grid.major=element_blank(), 
panel.grid.minor=element_blank(), panel.background = element_blank(), 
panel.border = element_rect(fill=NA, color="black"))+ 
  theme_classic(base_size=25) 
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ggplot(data=richness, mapping=aes(x=Species, y=shannon_div, color = 
Sex))+ 
  geom_boxplot()+ 
  geom_jitter(width=0.01)+ 
  theme(panel.grid.major=element_blank(), 
panel.grid.minor=element_blank(), panel.background = element_blank(), 
panel.border = element_rect(fill=NA, color="black"))+ 
  theme_classic(base_size=25) 
 
 







#####secondarymatrix with treatment info 
datafunstac=relabfun[,c(1)] 
head(datafunstac) 
##########take treatment info out of data to create matrix 
funord.abund=relabfun[,-c(1)] 
head(funord.abund) 





barplot(funordstac.data, las=1, cex.axis=1.3, ylab="Relative 
Abundance", xlab="Grasshopper Sex", cex.lab=1.8, 
        col=c("hotpink", "lavender", "maroon", "mediumorchid1", "navy", 
"deepskyblue", 






       fill=rev(c("hotpink", "lavender", "maroon", "mediumorchid1", 
"navy", "deepskyblue", 
                  "lightgreen", "yellow", "orange", "firebrick1", 
(dim(funordstac.data)[1]))), title="Fungal Taxa") 
 
 










#####secondarymatrix with treatment info 
datafunstac=relabfun[,c(1)] 
head(datafunstac) 
##########take treatment info out of data to create matrix 
funord.abund=relabfun[,-c(1)] 
head(funord.abund) 





barplot(funordstac.data, las=1, cex.axis=1.3, ylab="Relative 
Abundance", xlab="Grasshopper Species", cex.lab=1.8, 
        col=c("hotpink", "lavender", "maroon", "mediumorchid1", "navy", 
"deepskyblue", 






       fill=rev(c("hotpink", "lavender", "maroon", "mediumorchid1", 
"navy", "deepskyblue", 
                  "lightgreen", "yellow", "orange", "firebrick1", 
(dim(funordstac.data)[1]))), title="Fungal Taxa") 
 
 





1. Permission for Use of Data from Dr. Chelse Prather 








ID New_ID Species Sex shannon_div Richness
17 1 ov m 2.377802246 33
18 2 ov f 1.007609274 18
19 3 ov f 2.106828527 41
20 4 ov m 2.291816571 35
21 5 ov m 2.250600106 12
22 6 ov m 2.291065215 23
23 7 ov f 0.131124667 10
24 8 ov f 2.328021177 34
25 9 ov m 2.082093216 29
26 10 ov f 2.488857094 29
27 11 ov f 2.204180468 46
28 12 ov m 1.300783561 12
29 13 ov f 0.586420566 29
30 14 ov f 2.308187334 46
31 15 ov f 2.809271123 40
32 16 ov f 0.197107203 8
33 17 ov m 0.976221777 8
34 18 ov f 2.531245409 16
35 19 ov f 2.304415413 42
36 20 ov f 2.969931667 43
37 21 ov f 1.390477551 24
38 22 ov m 1.879863059 25
39 23 ov m 2.120002726 11
40 24 ov f 2.619230548 51
41 25 ov m 2.406784524 19
42 26 ov m 2.441347805 16
43 27 ov m 0.746440397 21
44 28 ov m 2.037354176 22
45 29 ov m 2.315987845 42
46 30 ov f 0.042003133 7
47 31 ov m 2.0377063 26
48 32 cs m 1.402853618 12
49 33 st f 0.224746507 10
51 34 cf m 0.441002668 13
52 35 cs m 1.406473419 16
53 36 st f 0.115068366 6
55 37 cs m 2.189417486 27
56 38 oc f 1.716313046 19
57 39 pa m 1.062252737 26
58 40 oc f 0.542797253 16
59 41 oc m 1.159233312 21
60 42 pa m 0.432256749 22
61 43 st f 2.206292458 28
Fungi_Species_Shannon_Diversity.csv
62 44 cs f 1.750752345 35
65 45 ov m 2.227445366 25
66 46 cf f 2.450047901 30
68 47 cf m 1.599481524 8
69 48 oc f 2.668931462 35
70 49 oc f 0.103328911 6
71 50 cs f 2.015810026 27
72 51 oc m 2.597714545 25
73 52 oc m 0.863165581 13
74 53 cs m 1.653740957 32
76 54 pa m 0.44933283 21
77 55 pa f 1.610055446 24
78 56 cs m 2.664931413 23
79 57 oc m 2.001405845 18
80 58 oc f 1.374247476 15
81 59 cs f 2.185987806 32
82 60 st f 2.668130494 41
Fungi_Species_Edit_Sex.csv
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Fungi_Class_SexStkdAb.csv

Fungi_Class_SpeciesStkdAb.csv

